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3 ‘ OVERVIEW OF RPSs IN THE US

tates and territories with N
Renewable Portfolio Standards

WA: 15% by 2020 MN: 26.5% by 2025

~|Xcel: 31.5% by 2020
WI: 10% by 2015

IME: 84% by 2030 |

INH: 25.2% by 2025
VT: 75% by 2032

OR: 50% by 2040 (large IOUs)
5-25% by 2025 (other utilities)

[MA: 41.1% by 2030 +1%lyr |
RI: 38.5% by 2035 |

" [cT: 44% by 2030 |

INJ: 54.1% by 2031

DE: 25% by 2026

| |

DC: 100% by 2032

| |

IMD: 50% by 2030 |

CO: 30% by 2020 (IOUs)
20% by 2020 (co-ops)

- = 10% by 2020 (munis) NC: 12.5% by 2021 (I0Us)
gj/ i 10% by 2018 (co-ops and munis)
\
»,\;y .\ Source: Berkeley Lab (July 2019)
et v Notes: Target percentages represent the sum
( | total of all RPS resource tiers, as applicable.
. A L In addition to the RPS policies shown on this
). /[ A \/’—?}§/\ X map., voluntary renewable energy goals exist
- / 4 ~ \\ \ in a number of U.S. states, and both
" ) | mandatory RPS policies and voluntary goals
» @ @ -l '."_’. \ ~ exist among U.S. territories (American Samoa,
* ' HI: 100% by 2045 | o Guam, Puerto Rico, US Virgin Islands).
RPS Enactment . .
- 10 states increased their RPS targets:
HI iL o CA: 60% by 2030 (and 100% zero-carbon by 2045)
MA CT MD DC NH Ml
ME PA NJ NY DE NC MO o CT: 40% Class | by 2030
? - "ﬂ AL W TR . A W B W O O &S wx o DC: 100% by 2032, with 10% solar by 2041
-m am -
1983 1991 1994 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 o MA: Annual increase of 2% of sales/year over 2020-2029
IA MN AZ MN NM CT NJ CT AZ CA DC HI CO CA MA CO IL CA DC CT CA CO o MD: 50% Tier 1 by 2030, incl. 14.5% solar + ~9.5% OSW
wi NV MN NM CO CA CO DE IL DE CT MD CT MA CT IL MA CT DC . o
NV PA NV CT CT HI ME IL DC NJ MD OH HI MA MD MA MD o ME: 50% Class | by 2030
X HI DE MA MN MA DE NH MN OR KS M ME NJ ME o NJ: 50% Tier 1 by 2030
NS MD MD NV MD IL NM MT W VT NY NH NY NM
Wi ME NJ OR NJ MA NY NM OR PA NV o NM: 80% by 2040 (and 100% zero-carbon by 2045)
MN RI NY MD OH NV Ri NY . a
e NG of o NV: 50% by 2030
NM wi WA o NY: 70% by 2030 (and 100% zero-carbon by 2040)
PA
> Source: Berkeley Lab

Current as of July 2019



CHALLENGES FOR 100%

. | VARIABILITY AND UNCERTAINTY

Load, Wind & Solar Profiles - Base Scenario
January 2020
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e Solar PV creates larger ramps
since large amount of energy is
produced only during daytime,
which is not coincident with
the peak load.

Wind generation tends to be
larger during nighttime, which
also create ramps.

* Renewable plants are often
oversized to deal with weather
variability and uncertainty.



CHALLENGES FOR 100% RENEWABLE GRID - TRANSMISSION
ISSUE
5

United States - Wind Resource Map

This map shows the
annual average wind
power estimates ata
height of 50 meters.
Itis a combination of
high resolution and
low resolution datasets
produced by NREL and
other organizations.
The data was screened
to eliminate areas
unlikely to be developed
onshore due to land use
or environmental issues.
In many states, the wind
resource on this map is
visually enhanced to
better show the
distribution on ridge
crests and other features.

Annual average direct
normal solar resource data are
shown. The date for Hawaii and

the 48 continuous statesara
10 km satellite modeled datasat

(SUNY/NREL, 2007) representing
data from 1998-2005. Thedata ‘ i o
for Alaska are 2 40k dataset Wind Power Classification
B e Wind Resource  WindPower  Wind Speed* Wind Speed*
(NREL, 2003]. Power Potential Densityat50m at50m at50m
Class W/m? m/s mph
3 Fair 300-400 64-7.0 143-157
‘ 4 Good 400-500 70-75 15.7-16.8
5 Excellent  500-600 7.5-80 16.8-17.9
0’& . 6 Outstanding 600800 80-88  17.9-197
. Ne=L I 7 Superb 800-1600 88-11.1  197-248
T ey *Wind speeds are based on a Weibull k value of 2.0

 Most attractive resources for wind and solar are located far from load center. Therefore,
exploiting these resources requires enormous transmission expansion.



6 ‘ CHALLENGES FOR 100% RENEWABLE GRID - ZERO INERTIA ()

Coal Power Hydro Energy Storage
Plants Power Plants Conventional Systems

Generator Systems

PV-Wind
Nuclear Systems PV Wind
Power Plants Systems Systems
Generator Dominated Power System Inverter Dominated Power System

Source: U. Tamrakar, D. Shrestha, M. Maharjan, B. Bhattarai, T. Hansen, and
R. Tonkoski, “Virtual Inertia: Current Trends and Future Directions,” Applied
Sciences, vol. 7, no. 7, p. 654, Jun. 2017.



- |l THE NEED FOR ENERGY STORAGE

. Example — T&D Deferral
Example - Ramp support + Peak Shaving ]

FUTURE LOAD
35,000 PV Curtailed I R s 1

*
Additional Capacity Needed to

. PV Lost in Meet Peak Load Growth

Use of storage avoids the cost of
additional generation, transmission,

and distribution asset investments

30,000

Storage
I PV Stored

Current Installed Generation Capacity
25,000 3

Shifted PV = PV Shifted via

20,000 Energy Storage
; PV Used e
. Unused generation capacity
15,000 - Directly used to charge storage assets
= \\ind
10,000
5,000
0 -

12:00AM  6:00AM 12:00PM 6:00PM 12:00AM 6:00AM 12:00PM  6:00 PM Source: NRStor Inc
Source: NREL 1

* Renewable integration: smoothing, firming, time shift.
* Ancillary services: capacity, regulation, ramp support.
* Virtual inertia.

e T&D upgrade deferral.

* Behind-the-meter applications: back-up power, power
quality, TOU management, demand charge reduction.

H |SO/RTO Services ™ Utility Services ® Customer Services




INTEGRATED RESOURCE PLANNING FOR 100% RENEWABLE
GRID
8

~ Planning is important. Even
a fortune cookie knows that.

* The IRPs must consider RPS targets.

* Long-term requirements must consider technical challenges created
by renewable energy.

* Energy storage must be included together other resources




s | SIZING PV,WIND, AND STORAGE
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Image Credit: DNV GL

* We develop an optimization framework for determining the smallest resource sizes
required to balance the demand with renewable resources and energy storage.

* This optimization considers multiple types and locations of renewable resources, and
also allow energy trading with external providers.



o IMETHODOLOGY AND FORMULATION

Methodology

A mathematical optimization problem is
formulated the objective of minimizing
energy resource sizes while ensuring that
the utility's demand is met at all times. The
constraints of this problem include:

Storage constraints: state of charge

constraints.

Power balance constraint: load must
be met.

Curtailment constraint: renewable

curtailment must be limited.
Interconnection constraint: the energy
exchanged with other regions must be
limited.

Formulation
Objective function:
w —pv _.curt

minimize J(s,p°,p",p"", p"",p
g‘ﬁh .Ij\\ .ﬁl)\ .

])(- pd pcurt ptrudo

trad())

Nw
J(iﬁs.ﬁw-ﬁp\:. ptm(lo) — w3 + ‘ll’l)]3‘\. + w\v E :p?'
=1

Npyv
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z :7)\' } : urt,_curt § trade, trade
eI “’,h\ P],‘ - wi.m Pi-m 4 ’U“A‘H( (‘])kl ade
=1

k=0 k=0
Storage and renewable constraints:
05 < s, <(1—46)35 0<pp,<p;
Sk41 = NSk + N°pET — PYT 0<pp; <P;
S0 =178 0<pp<p
SK =78 0<pl<p

Power balance constraint:

Npv

N
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.1 |CASE STUDIES - NEW MEXICO
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Table 2: Cases
Case Description ‘

il 2018 demand data and TMY weather data.

2 2017 demand and weather data.

3 2016 demand and weather data.

4 Case 1 with only solar PV resources.

5 Case 1 with only wind resources.

Subcase  Trade allowed when:

.1 Never

*.2 Any hour

x3  pf > 1600 MW

x.4 p; > 1700 MW

Xx.5 p; > 1800 MW

%0 pk > 1900 MW

X7 pf > 2000 MW

x.8 pi > 2100 MW

X9 Py > 2200 MW

Table 3: Model Parameters
Parameter Description Value  Units

7 ES self-discharge efficiency  1.00 -

e ES roundtrip efficiency 0.85 -

nv PV panel efficiency 0.15 -

e PV conversion efficiency 0.90 - L
v Wind turbine cut-in speed 4 m/s
v* Wind turbine rated speed 10 m/s
T Wind turbine cut-out speed 25 m/s
h Wind turbine hub height 80 m

GED Wind turbine rotor area 5027 m?

phurb Wind turbine power rating 2 MW
) Air density 12 kg/m?

Table 4: Optimization Parameters
Parameter  Description Value Units

T Time-step 1 hours

K Optimization horizon 8760 hours

w® Weight on ES energy capacity 1 -

wP Weight on ES power rating 0.5 -

wY Weight on wind power rating 1 -
wPY Weight on PV power rating 1 -
R Weight on curtailed power 0 Vk -
w}c“‘d" Weight on external power 0 Vk -

) Fraction of unused SoE 0 -

5 Fraction of initial/final SoE 0.5 -
pot Curtailed power allowed ph +py MW
2;"‘"” Import power allowed 500 Vk MW
f)}c"‘dc Export power allowed -500 VE MW




- |CASE STUDIES - NEW MEXICO - RESULTS
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Figure 7: Summary of results for Cases 1-5 corresponding to no

3 trading allowed (subcase 1) or trading allowed any hour (subcase 2).
= 25 The bars correspond to Cases 1, 2, 3, 4, and 5 (from left to right).
2
g L Table 6: Land area for renewable resources (in thousands of acres)
E o5 Solar PV Wind
= 0 || ] , ] Case | No trade Trade any hour | No trade Trade any hour
5 7 iy 25Ty 1 325.6 214.2 408.9 262.1
(¢) 2018. 2 402.5 2359 522.9 418.8
3 488.2 347.3 286.7 204.9
) 4 927.1 662.9 0 0
Figure 6; Summary of results for Cases 1-3. Each bar corresponds 5 0 0 3034.3 2149 8

to a different subcase 1-9 going from left to right, respectively.



3 |CASE STUDIES - NEW MEXICO - RESULTS @
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Figure 4: Results for the first week in January for Case 1.9. Renewable generation, curtailment, import power, and demand are show in the
top subplot. ES charge and discharge are shown in the middle subplot, and ES SoE is shown in the bottom subplot.



4« |CASE STUDIES - NEW MEXICO - RESULTS

E 10000 _‘—II{cuewable genu:l‘ranion —Curtailed power —Imlpart Jexport pow:er m— Demand
=)
= 5000~
2 |
F—E 0 n I | 1 I} |
Eg‘ 4180 4200 4220 4240 4260 4280 4300 4320 4340
]
=,
W 5000 T r = T I =
o0 —— Charge
E H = Discharge
@
4
o ol | [ 1 ﬁ | ﬁ L | J‘I'“"'I-.n. [ [ ™] II|L
-] 4180 4200 4220 4240 4260 4280 4300 4320 4340
-
o

= T
;-?_, 2
E
1
=1
c.
[ 8] U | |
4180 4200 4220 4240 4260 4280 4300 4320 4340
Hours

Figure 5: Regults for the last week in June for Case 1.9. Renewable generation, curtailment, import power, and demand are show in the top
subplot. ES charge and discharge are shown in the middle subplot, and ES SoE 1s shown in the bottom subplot.
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s |CASE STUDIES - NEW MEXICO - KEY FINDINGS

For 100% renewable, the resources required are roughly 5 GW / 25 GWh of energy
storage, more than 10 GW of solar PV, and about 5 GW of wind.

Considering only wind generation nearly triples the required storage energy capacity and
requires the largest renewable power rating.

The area of land required for the renewable generation plants is on the order of 1 million
acres, or about 1% of the area of New Mexico.

Energy trading can significantly reduce the size of required resources.

If renewable generation resources are sized to meet about 80% of the peak demand, they
are also large enough to meet 100% of the demand. Thus, peaker plants are no longer
required.

A significant amount of the generation must be curtailed to reduce energy storage size



« | CONCLUSIONS AND FUTURE WORK

* This work provides essentially a lower bound on the size of required resources to
meet 100% of a utility's demand with renewable generation using a retrospective
analysis.

* In future work, transmission system models will also be considered to ensure
feasibility of the locations and sizes of the generation resources.

* In addition, a stochastic approach that takes into account future forecasts of
demand and generation will be incorporated to address operational considerations
that utilities will need to be prepared for in the future.

O
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